The sensitivity of CZ was 67%. The sensitivity of MT in our laboratory was 50%; however, further review of these specimens by Syva employees gave a combined sensitivity of 71.6%. MT and CZ were more sensitive for pregnant patients (MT, 84.6%; CZ, 85.7%) than for nonpregnant patients (MT, 65.5%; CZ, 60.0%). Ail the tests had specificities above 95%. Of the specimens that were positive after initial culture without subculture, MT-negative specimens had a mean of 3.7 inclusions in culture, and MT-positive specimens had a mean of 24.8 (P = 0.002); CZ-negative specimens had a mean of 4.3 inclusions, and CZ-positive specimens had a mean of 20.0 (P = 0.026). In addition, cultures of specimens from pregnant patients had more inclusions than did those from gynecology patients, but this was not statistically significant (P = 0.096). No method is ideal; however, MT and CZ were less sensitive than was this culture system for detecting chlamydial infection in patients in gynecology clinics and were of comparable sensitivity for pregnant patients.
Chlamydial infections in women are often only minimally symptomatic, or even asymptomatic. However, in pregnant women, the organism can be passed from mother to child at birth, resulting in neonatal conjunctivitis or pneumonia (1) . In nonpregnant women, chronic salpingitis resulting from chlamydia often damages the fallopian tubes, with consequent ectopic pregnancy or infertility (12) . In addition, asymptomatic women appear to be the major reservoir of infection in a community (6) .
Until recently, diagnosis has been based on symptomatic presentation or a history of contact with such a person. Now, however, improved culture methods and the development of antigen detection tests offer the possibility of screening for chlamydial infections and treating them early to prevent their untoward consequences. Cultures for chlamydia, however, are not performed by most laboratories, and the relative usefulness of culture and antigen detection methods has not been as well studied in women not identified as being at high risk for infection. Most previous studies comparing methods have been of relatively high-risk patients attending sexually transmitted disease (STD), familyplanning, or abortion clinics (2, 4, 5, 8, 11) . The present study compares the usefulness of three diagnostic methods for women attending county hospital obstetrics and gynecology clinics. A microtiter culture system with blind passage is compared with antigen detection by direct immunofluorescence microscopy (MicroTrak [MT] ; Syva Co., Palo Alto, Calif.) and by enzyme-linked immunosorbent assay * Corresponding author.
(Chlamydiazyme [CZ] ; Abbott Laboratories, North Chicago, Ill.). con- sisted of all the consenting pregnant females seen for the first time in the obstetrics clinic and all the consenting nonpregnant females under 35 years of age seen for the first time in the gynecology clinic of Wishard Memorial Hospital and its associated Regenstrief Institute outpatient clinics. These city-county health-care facilities serve Indianapolis and Marion County, Ind. Patients suspected of having STD were referred to STD clinics, and patients desiring abortion were referred to abortion clinics; therefore, they were not included in the study. Patients with acute salpingitis were not included, and thus all patients studied were either asymptomatic or had mild nonspecific symptoms. Specimens were obtained by the various physicians who staffed the clinics.
MATERIALS AND METHODS Patient population. Patients evaluated in this study
Specimen collection. To randomize the order of collection, the collection materials for each patient were placed in a large bag with the order of collection for the individual specimens numbered such that the specimens would be collected in random sequence, and each test would be first, second, or third an equal number of times. After removal of excess cervical mucus, the specimens were collected from the endocervix by using Dacron swabs. Syva collection kits were used for MT, and Abbott collection kits for females were used for CZ. The swabs for MT and CZ were handled according to the instructions of the manufacturers. Endocervical swabs for culture were placed in a small vial containing 1.5 ml of transport medium and stored at 4°C (<24 h) until DIAGNOSIS OF CHLAMYDIAL INFECTION 869 transport to the culture facility, where they were used to inoculate tissue culture cells or were subjected to further storage at -70°C (<72 h) until tissue culture inoculation. The swab for the MT test was rolled over a slide well (diameter, 8 mm) immediately after collection, with the swab held parallel to the surface and with all portions of the swab surface used to apply material to the well. The swab for CZ was immediately placed into the tube containing specimen storage reagent.
Upon receipt in the laboratory, the CZ specimen tubes were placed in the refrigerator, and the test was performed within 5 days. For better control of fixation, MT slides were not fixed at the time of collection but were fixed upon receipt in the laboratory, according to the instructions of the manufacturer, by squeezing all of the acetone from an ampoule (provided by the manufacturer) on the surface of the slide and allowing it to evaporate completely. The Chlamydia culture procedure has been described in detail elsewhere (7 but CZ or MT positive in our laboratory, 14 (23.0%) were positive after repeat culture ( Table 2 ). All 14 were CZ positive, and 8 were MT positive in our laboratory. An additional three were MT positive by Syva employees.
MT specimens were satisfactory in only 638 (60.2%) of 1,059 specimens, 493 from nonpregnant, 144 from pregnant patients, and 1 from the patient whose pregnancy status was not recorded. Of these, 82 (12.8%) were true positives, 56 from nonpregnant and 26 from pregnant patients. In contrast, of 421 specimens unsatisfactory for MT, only 21 (5.0%) were true positives (P < 0.001). The results in Table 1 are for 74 specimens positive by MT in our laboratory or by Syva employees. For MT, our laboratory found sensitivities of 37.5% (nonpregnant), 76.9% (pregnant), and 50.0% (overall) compared with 65.5, 84.6, and 71.6% for the combination of laboratories. We read only 2 specimens as positive which Syva employees read as negative (both were culture positive), but they read 27 specimens as positive which our laboratory read as negative. Of these, 19 were culture positive, and 23 were CZ positive. They interpreted one specimen as positive which we found negative by MT, CZ, and culture. The MT appeared more sensitive for pregnant patients (84.6%) than for nonpregnant patients (65.5%) (Table 1). A positive predictive value (PPV) represents the likelihood that a patient with a positive test has disease, and a negative predictive value (NPV) represents the likelihood that a patient with a negative test is free of disease. Predictive values therefore are affected by the frequency of disease b Fifteen MT-positive specimens were also CZ positive, and one was CZ negative.
c All the specimens were CZ positive and 11 were MT positive, but 30 culture-positive specimens were still MT and CZ negative.
in the population studied. For MT, the overall PPV was 78.4% and the NPV was 95.9% (Table 1) .
Overall, CZ showed a sensitivity of 67.0% and a specificity of 95.8%; however, as with MT, sensitivity was greater for pregnant (85.7%) than for nonpregnant (60.0%) patients. Overall, the PPV was 63.3% and the NPV was 96.4%. CZ was repeated for all CZ-positive, initial-culture-negative, or CZ-negative, culture-positive specimens. The optical density of CZ-positive specimens was uniformly lower for the repeat test than for the initial one. Of 109 positive CZ specimens, 11 were negative when the test was repeated. Initially, all but one of these were only weakly positive (i.e., just above the threshold for positive), and only one had a positive culture when it was repeated. None of the 34 culture-positive, CZ-negative specimens were positive when th test was repeated. In our laboratory, only one specimen was CZ negative and MT positive, and it was culture negative. Syva employees noted four additional CZnegative, MT-positive specimens, all of which were culture positive both initially and when recultured. Of 21 specimens which were CZ positive, MT negative, and culture negative in our laboratory, 10 were MT positive when reviewed at Syva.
To assess whether the intensity of infection correlated with the sensitivity of MT and CZ, we compared geometric mean numbers of inclusions detected in the primary culture with the results of MT and CZ by using the Student t test on the logarithm of the numbers of inclusions (Table 3) . Specimens positive by MT or CZ had large numbers of inclusions noted in the primary culture, whereas MT-or CZ-negative specimens had fewer inclusions. This is also shown by the greater sensitivity of MT and CZ when compared with that of the primary culture, rather than that of the culture with blind subculture or true positive culture (Table 1) . It is assumed that culture-positive specimens requiring blind passage or repeat culture for detection of chlamydia contain fewer organisms than those positive in primary cultures. Specimens from pregnant patients with positive primary cultures had greater geometric mean inclusion counts in culture (31.0) than did those from nonpregnant patients (8.8), although this was not statistically significant (P = 0.096). Both MT and CZ showed greater sensitivity for pregnant than for nonpregnant patients ( Table 1 ). The order of specimen collection did not significantly affect the results of any method (data not shown). DISCUSSION This study indicates that no currently available system is ideal for diagnosis of chlamydial infections. Culture without blind passage missed over one-half of the infections, and even with blind passage missed 14.6%, and this assumes that all the patients who were negative by MT, CZ, and culture were free of chlamydia (an unlikely assumption). Other more detailed studies of the effect of blind passage for diagnosis of chlamydial infections are consistent with these observations (6, 7) . By comparisons with observed prevalences in populations at risk for chlamydial infections, we believe that the culture technique used in this study is as sensitive as that performed by most investigators and more sensitive than many. The use of shell vials for culture combined with immunofluorescence identification of inclusions with monoclonal antibodies may be somewhat more sensitive (10) . However, vial culture for chlamydia is more cumbersome and expensive than is culture in microtiter plates and, therefore, is less applicable to the processing of large numbers of specimens than is microtiter plate culture (13) . It is important to recognize that the sensitivity of culture as usually performed is less than 100%, and any improvement therein will only further reduce the sensitivity of direct antigen tests which are already less sensitive than culture is as it is usually performed, but increased sensitivity of culture may result in improved specificity for the direct test.
In comparing various methods for diagnosis of chlamydial infections, several factors are important. One is the population being evaluated. The numbers of organisms present are likely to be greater in symptomatic patients being evaluated for STD than in largely asymptomatic patients presenting for routine antepartum or gynecologic care (8) . The numbers of recoverable organisms clearly influence the sensitivities of the tests (Table 3) CZ showed better reproducibility than did culture or MT and has the advantages that it is more rapid than culture and less labor intensive than MT and requires less skill for laboratory interpretation than both MT and culture. It was more sensitive than MT when the latter was evaluated in our laboratory and had sensitivity equivalent to that of MT when evaluations by Syva employees were included. CZ was less sensitive than culture with blind passage for nonpregnant women (60.0 versus 88.0%), although of comparable sensitivity for pregnant women (85.7 versus 82.1%).
The observed specificity of CZ was slightly less than that of MT. However, although 15 of 16 culture-negative MTpositive specimens were also CZ positive and were probably true positives not detected by culture, 10 of 25 CZ-positive, culture-negative specimens in which there was an adequate specimen for MT were negative by MT as well. These were likely CZ false-positives. Evaluation of CZ in a patient population extensively cultured for chlamydia, e.g., multiple cultures from multiple sites (6) , might help resolve the issue of specificity. In the present study, the more thorough the culture used for comparison was, the greater the specificity of the direct tests was ( Table 1 ). were not confirmed by culture. This is potentially an important consideration, since the social consequences of informing someone in a non-STD clinic setting that they have a sexually transmissible disease can, in many circumstances, far outweigh the medical consequences. Such considerations need to be borne in mind by the clinician in using any nonculture method. In addition, either test may be of value for screening selected populations, especially when culture is not available or is cost prohibitive. However, a negative test, even a negative culture, should not be interpreted as excluding infection, and retesting at appropriate time intervals may be of value in certain cases.
